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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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DEVELOPMENT OF AUTONOMOUS
PHOTOVOLTAIC SYSTEMS WITH SMALL POWER

Abstract. The development of autonomous photovoltaic systems is one of the most pressing problems in the
electric power industry. One way to get cheap and affordable energy is solar energy. The structure of an autonomous
photovoltaic cell, its main functional blocks, is considered in the article. The basic physical quantities concerning
batteries and their connection are also considered. To construct autonomous low-power photovoltaic stations (up to
3000 W), accurate calculations are needed to identify the necessary and sufficient capacity of storage batteries, as
well as the necessary power of solar cells. For this purpose, energy costs have been modeled, and calculations of the
load during the day have been made in an apartment building with an average set of electrical appliances. The
number of battery packs necessary for correct operation of the system was calculated. Based on the received data,
calculations were made and a graph of the battery discharge at nighttime in the winter period was constructed.

Key words: solar cell, inverter, controller, capacity of accumulator, load power.

Introduction. In the world practice, two forms of power supply for objects are widely used: centra-
lized and autonomous [1-3]. In recent years, the desire to introduce clean technologies contributes to the
most active development of autonomous power supply using renewable energy sources. The use of solar
energy in Kazakhstan is one of the most promising key topics of development of alternative energy.

Autonomous systems today have become an integral part of various SMART systems. To operate
correctly any autonomous system requires a power source, as well as a way to communicate with the
environment and a device for exchanging information with the dispatcher [4-6].

Very often there is a need to deploy a system that will be able to operate without external power
supply, that is, perform certain operations in the field in the absence of a power source, being an inde-
pendent source of energy for various needs of the consumer. Such autonomous systems can completely
replace fuel electric generators.

As a power source for low-power and flexible autonomous systems are photoelectric converters or
solar cells [7-10]. The constant increase in the cost of fossil energy resources and the associated incidental
environmental problems increase the interest in alternative, renewable energy sources, of which solar
power and solar photo batteries in particular occupy an important place. The efficiency of solar batteries is
determined by their efficiency (Efficiency), maintenance costs and the cost of batteries. Data on the cost
can be found from a specific manufacturer, and in many respects this factor is determined by the
technology of manufacturing the battery.

Another important problem is the accumulation of energy generated by solar panels. To date, there
are a lot of different batteries with different parameters, the choice of which depends on what we will be
feeding, what load to use, and for how long this load will function.

Structure of the autonomous photovoltaic system. When you design photovoltaic systems, the first
step is to determine the level of load power, the number of consumers and the schedule of their operation.
Then, depending on what kind of load is required, a selection of solar cells and batteries is made.
Depending on the capacity and the nominal voltage, the battery charge controller is selected.
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The market of solar batteries is constantly replenished with new models with different capacities.
When you choose solar cells, remember that the output power of the solar array should be at least
1.5 times higher than the power of the connected load to provide power in the winter months or in cloudy
weather. When you calculate the capacity of the battery pack, remember that manufacturers recommend
not to discharge batteries below 70% of its capacity to extend the service life. The required capacity of the
battery pack is calculated by the formula (1):

Cy =gy Bty (1)
where S, is the degree of battery rarefaction, Py is the maximum load power, Uy is the nominal voltage of
the battery, and At, is the duration of the night time. Then in order to find the number of batteries
necessary to power the system, you should divide the received capacity by the nominal capacity of the
battery, expressed in Ah (ampere hours).

N=2 )

Where Cy is the required capacity of the battery pack, C is the capacity of one battery.

When you choosing the inverter, the most important parameter is the power it is designed for. For
low-power autonomous systems with a power of up to 1500 W, high-frequency inverters are sufficient,
which have a relatively low weight. For higher powers, low-frequency inverters should be selected. Some
inverters have a built-in battery charge controller. The most common battery charge controllers are the
controllers that monitor the maximum power point (MPPT — maximum power point tracker). Such
controllers constantly monitor the current and voltage on the solar battery and find the optimal current-
voltage pair at which the power is maximal. In the same way, the controller keeps track of which battery
stage the battery is in and provides the corresponding current.

Results and discussions. To develop a photovoltaic system with a power of 1.5 kW, six solar panels
with a power of 250 W each are required. The maximum voltage is 32.5 V, the current is 7.9 A (table 1).

Table 1 — Calculation of voltage and current in different commutation of solar panels

8] 32,5 65 97,5 195
I 474 23,7 15,8 7.9
P 1540,5

When we choose a battery, we use formula (1) and calculate the capacity of the battery pack. To do
this, we need to simulate the consumption of one residential house within a day. The results are summa-
rized in table 2. With this load, using equation (1), we can calculate the capacity of the required battery
pack. So, we need 6 (equation 4) batteries with a capacity of 200 Ah (3-4).

Table 2 — Total energy consumption during one day

Consumer Power, W Time of work, h Energy consumption, Wh/day
Electric kettle 1000 0.25 312.5
Microwave 1200 0.25 375
Fridge 250 24 7500
TV 150 4 750
Lighting 1 100 4 500
Lighting 2 50 2.083 130.2083
Computer 400 0.83 416.67
Modem 6 24 180
Washing machine 150 1 187.5

Total 10991.875
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__100P

Cy = 55 Atn; = 1204,76 AR (3)
r VUL

where S, = 70%, PL=632,5 W, U =12 B — nominal voltage of the battery, At,,= 16 h.

1204,76
200

N = ~ 6 4)

Table 3 — Load change diagram during a day

Electric | Micro- Fridge, | TV, |Lighting |Lighting|Computer, | Modem, Wash}ing Load " Rated load
kettle, wave, W W LW W W W machine, | power, | power,
W \\ ’ ? W W Wh
7:00-7:05 1250 312,5 62,5 7,5 1632,5 | 136,04
7:05-7:10 1500 312,5 62,5 7,5 1882,5 | 156,875
7:10-8:00 312,5 62,5 7,5 382,5 318,75
8:00-13:00 312,5 7,5 320 1600
13:00-13:05 1250 312,5 7,5 1570 130,83
13:05-13:10 1500 312,5 62,5 7,5 1882,5 | 156,875
13:10-14:00 312,5 500 7,5 820 683,33
14:00-16:00 312,5 7,5 320 640
16:00-17:00 312,5 7,5 320 960
17:00-18:00 312,5 7,5 187,5 507,5 507,5
18:00-18:05 1250 312,5 62,5 7,5 1632,5 | 136,042
18:05-18:10 1500 312,5 62,5 7,5 1882,5 | 156,875
18:10-19:00 312,5 62,5 7,5 382,5 318,75
19:00-23:00 312,5 | 187,5 125 7,5 632,5 2530
23:00-7:00 312,5 7,5 320 2560
Total power kWh/day+night 10991,87
Total power kWh/night 7780,83
Load change during a day
1206" W
1000
800
600 -
400 -+
200
O -
T,h
P P P L P PP PP S
N SEIV NN SRS S N S LR N
A PP TR P
N N N N N v

Figure 1 — Load change during a day
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Battery discharge diagram during night time
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Figure 2 — Battery discharge diagram during night time

According to the schedule of load changes (table 3) per day we will construct a schedule for changing
the capacity of the battery pack (figure 1, 2). The discharge of batteries starts at 16:00, which corresponds
to the sunset in the winter season. With this battery operation pattern, the service life will be extended,
since the design depth of the discharge is at least 54%.

Conclusion. The development of autonomous systems plays a huge role in the transition of energy to
renewable sources, enables consumers to use cheap and affordable electric energy and not depend on the
central power supply. Moreover, autonomous solar power stations of low power will become indi-
spensable sources of energy for individual farms, for the development of agriculture for the supply of
agricultural equipment. The results presented in the article can be used to design an autonomous solar
power station with a capacity of 1.5 kW that can supply a small house with electricity.
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Oun-Dapabdu areiaaarsl Kazak yiITThIK yHEBEpcuTeTi, AnMarsl, Kazakcran
A3 KYATTBI ABTOHOM/IbI ®OTOJJIEKTPJIK )KYWEHI TAUBIHJIAY

AHHOTauMsA. ABTOHOMIB! (DOTOIIEKTPIIK KYHEHI JalBIHIAY JEKTPOIHEPTeTUKAJAFEl aca ©3eKTi Mocelelnep-
JiH Oipi OoJbIl TaObUIAABI. AP3aH YKOHE KOJDKETIM/II SHEPrHs KO3iH aly oMiCTepiHiH Oipl KyH SHEpreTHKachl OOJIbII
TaOblIaapl. Makanana aBTOHOMIBI (POTOEKTPIIKTIH KYPBUIBICHI, OHBIH HEri3ri (yHKIHMOHAIIbI OJOKTaphl Kapac-
TeIppUTFaH. COHBIMEH KaTap aKKyMYJLITOPJIBIK Oarapessiapra jKoHE ONapiblH OalIaHBICHIHA KAaTBICTHI HETI3ri (u3n-
KaJbIK I1amainap KapacteipbuiraH. A3 KyarTsl (3000 Br-ka neifiH) aBTOHOMIbI (DOTOINIEKTPIIK CTAHIMSHBI Kypac-
TBIPY YILIIH aKKyMYJIATOPJBIK OarapesuiapiblH KaKETTI KOHE JKETKUIIKTI ChIHBIMBLIBIFBIH, COHBIMEH KaTap KYH
OaTapesiChIHBIH KOKETTi KyaThIH aHbIKTayFa Ka)KeT HaKThl ecenTeyiepi )KYpri3y KakeT. by yIiiH SHeprust HIbIFbIHbI
YJITIJICHT€H JKOHE JIEKTP KYpaJIIapbIHBIH OpTAalla XMHAFBl Oap TYPFBIH yiae Oip ToyJik apalbIFblHAA OHAIPUIETIH
JKYKTEMEHIH ecenteyiepi kyprisiuired. JKyHeHiH IypbIc )KyMBIC icTeyiHE KaKeT aKKyMYJISATOPJIBIK OJOKTapIbIH
CaHbl €CeITEIIIHIeH. AJIBIHFaH MAJIMETTEpre HeTi3Zese OTBIPHIIN, KbIC ME3TUIIHIET] TYHI1 yaKbITTaFrbl aKKyMYJISTOP
3apsABIHBIH OiTYiHIH rpaduri KYpBUTFaH )KOHE €CEenTeyIIep KYPri3iireH.

Tyiiin ce3mep: KyH OaTapesicbl, HHBEPTOP, KOHTPOJUIEP, aKKyMYJISITOPJIBIK OaTapesiapablH CHIHBIMIBLIBIFbI,
KYKTEMEHIH KyaTbl.

A. K. Caiim6etoB, M. K. Hypranmues, E. /I. Hanu6aes, I'. b. [locsim0eToBa,
M. M. FeuabimikanoBa, H. b. KyrTei6aii, E. A. CBan6aeB

Kazaxckuil HaroHamBHBIN YHUBEpCUTET M. anb-Dapadbu, Anvatsl, Kazaxcran
PA3PABOTKA ABTOHOMHBIX ®OTOJ3JIEKTPUYECKHUX CUCTEM MAJIOM MOIITHOCTH

AnHoTanus. Pa3paboTka aBTOHOMHBIX (POTOAIEKTPHUECKUX CHUCTEM SIBJISIETCS OJTHOI N3 HanboJiee akTyalIbHBIX
npoOiieM B anekTposHepreTuke. OQHUM U3 CIIOCOOO0B MOTYYEHHUS JACUIEBOH U JOCTYITHOW SHEPTHH SIBISETCS COJHEY-
Hasl SHepreTHka. B craTbe paccMOTpeHa CTPYKTypa aBTOHOMHOM (DOTORJIEKTPHYECKOMH, €€ OCHOBHBIE (DYHKIIOHAJIb-
Hble O10KH. Tak jke paccMOTpEeHb! OCHOBHBIE (PU3NYECKUE BEIMYMHBI, Kacalolluecs akKyMyJIITOPHBIX Oarapeil, n ux
CBs13b. J[JIs1 KOHCTPYHPOBAaHUS aBTOHOMHBIX (DPOTOITEKTPUIECKUX CTaHINH Manoit MorHocTH (1o 3000 BT) HEoOxo0-
JIMMO TIPOM3BECTH TOYHBIC PACUETHI [UISl BBIABICHHUSI HEOOXOJMMOW U JOCTATOYHON €MKOCTH aKKyMYJISITOPHBIX Oarta-
peii, a Taxke HeOOXOIMMOI MOITHOCTH COJTHEYHBIX OaTapeil. [t 3Toro cMoaenmupoBaHbl SHEPTro3aTPaThl, U MPOU3-
BE/ICHBIPACUEThI HArpy3KH B TEUCHUE CYTOK, IPOU3BOJMMBIE B JKHJIOM JIOME CO CPEIHEH KOMIUIEKTalMeH 3IIEKTpo-
npu6OpOB. BBUIO BEIYMCIEHO KOJIMYECTBO aKKyMYJSTOPHBIX OJIOKOB, HEOOXOMUMBIX ISl KOPPEKTHOH paboThI CHC-
TeMbl. OCHOBBIBAsICH Ha ITOMY4YEHHBIX JaHHBIX, IPOU3BEIECHBI PACUETHI M MIOCTPOCH IpaduK paspsia akKKyMyJIsATOPOB
B HOYHOE BpEMs CyTOK B 3UMHHU NIEPUO/.

KiroueBnble cioBa: coiHeuHast Oarapes, HHBEPTOP, KOHTPOJUIEP, EMKOCTh aKKyMYJSITOPHOW Oarapeu, MOIII-
HOCTb Harpys3KH.
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